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Human viral hepatitis has continued to be of major concern to public health au- 
thorities because of its relative high rate of incidence throughout the world.' The 
disease is generally regarded as being at least two entities, Type A (infectious) hepa- 
titis and Type B (serum) hepatitis, caused by separate, as yet not fully characterized, 
viruses. It is unfortunate that despite the severe public health problem of these 
diseases, experimental systems that could be used to evaluate potential chemothera- 
peutic agents for treatment of hepatitis are virtually nonexistent. 

The broad-spectrum antiviral activity2-6 of the triazole nucleoside I-P-D-ribo- 
furanosyl-I ,2,4-triazole-3-carboxamide (ribavirin) suggested possible utility against 
viruses causing hepatitis. This potential efficacy was further enhanced by the finding 
that the orally administered drug can be recovered in significant quantities, > 40% 
and > 5%,  in liver and spleen, respectively, of mice and rats within 30 to 60 minutes 
of treatment.' Experiments were therefore undertaken to attempt to demonstrate ri- 
bavirin's efficacy against experimental infections induced by two widely differing 
viruses that cause hepatitis in laboratory animals. The results of these experiments 
are described in this report. 

MATERIALS AND METHODS 

Viruses 

Viruses used in these studies were an RNA coronavirus, the Friend-Braunsteiner 
strain of murine hepatitiss (MHV) obtained from the American Type Culture Collec- 
tion (Rockville, Md.), and a DNA herpesvirus, equine abortion v i r ~ s ~ . ' ~  (EAV) pro- 
vided by Dr. P. E. Came, Schering Corp. (Bloomfield, N.J.). Both viruses were pre- 
pared as liver homogenates after two intraperitoneal (i.p.) passages in the pertinent 
host animals. 

Drug 

Ribavirin was synthesized in these laboratories,3 and used in a sterile physio- 
logical saline solution. 

Animals 

Male Swiss Webster mice (Hilltop Lab Animals, Inc., Chatsworth, Calif.) weigh- 
ing 15-18 g, and female Syrian golden hamsters (Lakeview Hamster Colony, New- 
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field, N.J.) weighing 40-50 g were used in the studies with MHV and EAV, respec- 
tively. 

EA VStudies 

Individually caged hamsters were inoculated i.p. with approximately 10 times a 
50% lethal dose (LD,,) of EAV. Ribavirin or saline only was administered i.p. 1 hr be- 
fore virus inoculation and continued twice daily for 4 days. The animals were ob- 
served daily for death. Two dosages of the drug, 200 and 100 mg/kg/day, were used. 
This experiment was later repeated using 400 and 300 mg/kg/day. In  another experi- 
ment, a single i.p. injection of 500 mg/kg of ribavirin was given within 10 min after 
virus inoculation. Ten infected hamsters were used in each group receiving ribavirin, 
and 20 infected animals received saline as virus controls. Five uninfected hamsters 
were similarly treated to serve as  toxicity controls. 

M H  V Studies 

Mice were inoculated i.p. with approximately 10 LD,, of MHV for this series of 
experiments. In the first study, ribavirin in doses of 75, 37.5, and 18.8 mg/kg/day 
was administered i.p. to the animals twice daily for 9 days, beginning 2 hr before virus 
inoculation. The experiment was later repeated using drug dosages of 18.8,9.4, and 
4.7 mg/kg/day. As with the EAV studies, ten infected animals were used in each 
drug treatment group, with 20 used as virus controls and five for each toxicity control 
group. 

Friend et d." have reported that, in MHV-infected mice, virus replication re- 
sulted in liver necrosis and increases in serum glutamic oxaloacetic transaminase 
(SGOT). An experiment was therefore run to determine the effect of ribavirin treat- 
ment on this parameter, as well as on serum bilirubin, on the concentration of virus 
recoverable from the liver, and on the observable necrosis caused by the infection in 
the liver. For this experiment, large groups of mice were treated i.p. with saline or ri- 
bavirin (20 rng/kg/day) twice daily for 9 days, beginning 2 hr before virus inoculation. 
On days I ,  3, and 5 ,  five mice per group were removed for collection of blood and 
livers. SGOT activity was determined colorimetrically using the kit commercially 
available from Sigma Chemical Co. (St. Louis, Mo.).I2 Serum bilirubin (direct) was 
likewise measured using the modified Nosslin techniqueI3 employing American 
Monitor Corp. reagents (Indianapolis, Ind.). Virus levels in the liver were determined 
using death endpoints in hamsters injected i.p. with varying dilutions of the liver 
homogenates. 

RESULTS 

EA V Studies 

Hamsters infected with EAV and treated with saline began dying on day 3, and by 
day 7 all had died with a mean survival time of 4.2 days (FIGURE I ) .  Ribavirin a t  a 
dosage of 200 mg/kg/day caused an increase in mean survival time of 2.2 days, which 
was statistically significant (p < 0.05, t-test). Of these ribavirin-treated hamsters, 
20% survived the infection. No toxicity was seen at  this dose. The lower ribavirin 
dosage of 100 mg/kg/day was not effective. When the experiment was repeated using 
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higher ribavirin levels, the 400 mg/kg/day dosage was lethally toxic to the control 
animals, and the 300 mg/kg/day dosage was approximately 25% lethally toxic. Each 
dose caused significant (p < 0.02) increases in mean survival time in the infected ani- 
mals. When ribavirin was administered in a single i.p. injection at the time of virus 
inoculation, a I .  I-day increase in mean survival time was seen, but such an increase 
was insignificant. 

M H V Studies 

Ribavirin a t  the three higher levels was effective in preventing death in the mice 
(TABLE I ) .  When the experiment was repeated using altered doses, significant anti- 
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FIGURE I .  Erect of ribavirin treatment on equine abortion virus induced hepatitis in 
hamsters. 

viral effects were again seen, although at the two lowest doses the effect was in the 
form of significant mean survival time increase only (TABLE I ) .  

Virus control SCOT levels rose to a high level by day 3 and remained elevated 
through day 5 (FIGURE 2). By day 7, too many of the animals had died to continue 
taking samples. Ribavirin treatment delayed the increase of this enzyme, although by 
day 5,  a moderate increase had occurred. Later studies indicated this level soon de- 
clined to normal values. Toxicity control animals exhibited no significant alteration in 
SCOT. Serum bilirubin levels were likewise elevated in the virus control animals 
through the 5th and last day of the study (FIGURE 3). Ribavirin treatment in both in- 
fected and uninfected mice caused an initial moderate rise in bilirubin which then de- 
clined by day 3,  although in infected, treated mice a rise was seen again on day 5 .  

Concentrations of MHV in the liver of virus control mice were at relatively high 
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TABLE I 
EFFECT OF RIBAVIRIN TREATMENT* ON MURINE HEPATITIS VIRUS INFECTIONS 

Drug Tox. 
Dosage Control 

(mg/kg/day) Surv/Total 
Expt I 

75 515 
37.5 515 
18.8 515 
0 

Infected, 
Infected, Treated Surv. Time 
Treated Surv. Incr. Mean Surv.3 Increase 

Surv/Total P t  Time (Days) P5 

5/10 0.008 7.2 < 0.001 
6/ 10 0.002 6.8 < 0.001 

1/20 4.4 
7/ 10 < 0.001 5.1 < 0.05 

Expt 2 
10/10 < 0.001 > 21.0 < 0.001 
4/10 0.17 6.8 < 0.001 
3/10 0.28 6.4 < 0.01 

18.8 515 
9.4 515  
4.7 515 

4/20 4.8 0 

*b.i.d. for 9 days, beginning 2 h r  before virus inoculation. 
+Fisher’s exact test. 
$Animals dying on or before day 21. 
$Student’s t-test. 

levels by day 1,  increasing to a peak concentration on day 3, but dropping by day 5 
(FIGURE 4). This latter decline may be a result of a selecting process, since the ma- 
jority of the animals had died by day 5, and those remaining alive may have had a 
lesser initial infection. The maximum virus level attained preceded the mean day of 
death by about 1.5 days. Ribavirin treatment markedly slowed the production of re- 
coverable virus, although a relatively high titer was seen on day 5. 

By days 3 and 5, marked damage was plainly visible in the virus control livers; this 
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FIGURE 2. Effect of ribavirin treatment on serum glutamic oxaloacetic transaminase levels in 
mice infected with murine hepatitis virus. 
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FIGURE 3. Effect of ribavirin treatment on serum bilirubin (direct) levels in mice infected 
with murine hepatitis virus. 

infection was notably less apparent in the ribavirin-treated animals. Scores applied to 
the degree of liver damage in these mice are summarized in TABLE 2. Liver samples 
from infected, untreated mice examined histopathologically were found to have 
moderate hepatosis evidenced by cytoplasmic vacuolation in the form of cloudy 
swelling and lipidosis. Focal necrosis and hemorrhage were also in evidence. 

DISCUSSION 

These studies offer considerable evidence that parenterally administered ribavirin 
has a marked effect on hepatitis in mice induced by M H V ,  an RNA virus, but that 
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FIGURE 4. Effect of ribavirin treatment on the concentration of hepatitis virus in livers of 
mice infected with murine hepatitis virus. 
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the drug, at least by the treatment regimens used in these experiments, has only a 
marginal influence on hepatitis in hamsters induced by EAV, a DNA virus. 

Preliminary results suggest that ketoaldehydes derived from steroid c o m p ~ u n d s ' ~  
and certain substituted morpholinium quaternary may have a moderate 
efficacy against MHV infections; other drugs showing action afainst MHV infection 
include the antihistamine drug Benadryl and the antibiotic Streptothricin. In  the 
study with the antihistamine, the effect was to prevent necrosis of liver cells, rather 
than to inhibit viral replication. Streptothricin was thought more to exert its effect as 
a direct action on the virus than to be a therapeutic effect." The action of ribavirin in- 
dicates a probable therapeutic and antiviral effect, although additional studies using 
later initiation of treatment are needed. 

Drugs reported to be most effective against EAV infections in hamsters include 
9-/3-~-arabinofuranosyladenine~~ and 9-(3-~-arabinofuranosylhypoxanthine mono- 
phosphate.lB 

Both MHV and EAV infections were rapidly fulminating to a lethal endpoint; 
such an infection does not mimic the more slowly progressing, less fatal human hepa- 
titis infections, so it is difficult to ascertain the predictability of either system to the 
human situation. 

TABLE 2 
EFFECT OF RIBAVIRIN TREATMENT ON MURINE HEPATITIS VIRUS-INDUCED LIVER DAMAGE 

IN INFECTED MICE 

Mean Liver Damage Score* 
Day 

Treat m en t I 3 5 
Ribavirin (20 mg/kg/day) 0.5 I I .2 
Saline 2.0 3. I 3.7 

*Scores of 0 to 4 assigned by visual examination of degree of damage, with 0 = normal liver 
and 4 = total involvement of liver. 

Biochemical studies have indicated that ribavirin may exert its antiviral effect as 
the 5'-monophosphate by inhibiting enzymes involved in guanosine monophosphate 
synthesis.a0 The drug is readily converted to the 5'-phosphate in the liver and spleen, 
presumably by adenosine kinase. Such an active involvement of the liver and spleen 
in the drug's metabolism suggests its possible utility for therapy of hepatitis, since 
these organs are  of primary importance in the early replication of murine hepatitis 
viruses." Oxford2' has reported evidence for ribavirin's inhibition of structural and 
nonstructural polypeptides and antigens of influenza virus, which may be an alterna- 
tive mechanism of action for the drug against MHV as well. 

At present, ribavirin is undergoing clinical trial against acute Types A and B 
hepatitis and is also being used in an attempt to eliminate Australian antigen posi- 
tives from chronic human carriers. Early reports suggest definite efficacy against the 
Type A infections,az and possibly success in the antigen s t ~ d i e s . ~ ~ . ~ ~  
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